quality are highly recommended. The aim of quality management is: first to avoid bias of results by using an appropriate study design and an adequate data analysis, second to assure authenticity, completeness
Pharmaceutical Companies (VFA) have published respectively recommendations dealing with quality aspects of non-interventional observational studies. Key points are the advanced publishing of information about the project, developing of a study plan/protocol containing the scientific objectives, a sample size justification and a description of the planned analyses and the publishing of a summary of the results timely after completion of the study. The quality of the data can be improved by using standardized case report forms (CRF) and the CRF should be reviewed and tested before start of study by some participants. A source data verification (SDV) should be performed in randomly selected centres -in between 2% and 5% of the centres depending on the number of participating centres. Before start of statistical analysis a statistical analysis plan (SAP) should be created. The use of standardized tables and figures is highly recommended. The basis of the report writing should be the STROBE-statement "Strengthening the Reporting of Observational studies in Epidemiology Initiative" containing a checklist of 22 points to be covered in the report. The development of own standard operating procedures (SOP) describing the processes during planning, conduct and evaluation of a non-interventional study as well as the quality management and the regular training of all involved people is also highly recommended. All accompanying measures to improve or to keep the quality of the NIS should not violate the concept of nonintervention.
Introduction
Since a long time, non-interventional studies (NIS; e.g. registries) have been making valuable contributions to medical research, especially in Germany. These studies are on a high scientific, methodological and organisational level and therefore require accompanying quality assurance measures.
Basic principles for this kind of research are laid down in guidelines and recommendations for assurance of good epidemiological practice (GEP) [1] and other additional international guidelines [2] , [3] , [4] . The aim of GEP is to establish a quality standard for epidemiological research. The guidelines contain partially detailed recommendations regarding the topics ethic, research questions (e.g. a priori defined hypothesis), study plan, biological sample data-bases, quality assurance, data storing and data documentation, analysis, data protection, contractual provisions and interpretation of research results. Measures for quality assurance are treated relatively unspecific. According to the EU Directive 2001/20/EG article 2c, non-interventional studies, in contrast to clinical trials, were described as "studies where the medicinal products are prescribed in the usual manner in accordance with the terms of the marketing authorisation. The assignment of the patient to a particular therapeutic strategy is not decided in advance by a trial protocol but falls within current practice and the prescription of the medicine is clearly separated from the decision to include the patient in the study." [5] According to § 4 (23) German Drug Law, non-interventional studies are studies where "findings from the treatment of persons with drugs according to the terms of the marketing authorisation are analysed with epidemiological methods; thereby treatment, including diagnosis and control, does not follow any predefined study plan but only the medical practice." [6] In summary, non-interventional studies (non-GCP studies) fulfil the following criteria:
• The collected data will be analysed with epidemiological methods.
• The diagnostic methods and other observational procedures are according to medical practice. There are no other diagnostic methods disposed.
• The patient is treated within the current practice. There are no rules for the physician for how to treat the patients.
• Only marketed and commercial drugs or medical devices are used according to the information stated in the approval.
Types of non-interventional studies are:
• case-control-studies • registries • cohort-studies (especially "Anwendungsbeobachtungen" = AWB = post authorisation observational product studies)
Cohort-studies include surveys to compare different therapies. The Federal Institute for Drugs and Medical Devices (BfArM) together with the Paul Ehrlich Institute (PEI) had developed recommendations (draft) for planning, conducting and analysing non-interventional studies, especially for AWB [7] . Furthermore, the German Association of Research-Based Pharmaceutical Companies (VFA) has published recommendations for improving the quality and transparency of non-interventional studies (NIS) in January 2007 [8] . In these recommendations the following quality criteria for planning, conducting and analysing NIS are mentioned:
• advice from federal state law established Ethics Committees • written patient information and informed consent
• information about (planned) NIS in public accessible registries • publication of a summary of the results within one year after completion of NIS • development of standard operating procedures with description of: processes for planning, conducting and analysis • measures for quality assurance, especially for representativeness and validation of the data raised
•
The aim of quality assurance is to make valid, scientific statements based on the results in NIS, meaning to avoid possible bias of results by using an appropriate study design and an adequate data analysis, assure authenticity, completeness and validity of the data and to identify and resolve deficiencies at an early stage [9] . Laws [6] , guidelines [5], [10] and recommendations [7] , [8] , [11] relating to NIS are very helpful to implement quality assurance measures. Within this paper, possibilities shall be identified which measures of quality assurance in AWB or other NIS like registries can be used without compromising the character of non-intervention.
Measures of quality assurance at different stages of NIS
The quality of a NIS includes the requirements on scientific/professional qualification as well as the personal, technical and spatial equipment of persons/sites involved in the NIS (quality of structure). Quality includes the requirements on the processes during planning, conducting, analysis and report writing, publication and archiving (quality of processes) and quality includes the requirements on the quality of the data and methods for analysing the data (quality of results).
Measures in the planning phase
In contrast to clinical trials, it is strongly recommended when planning a NIS to preserve the aspect of nonintervention for all planned measures [12] . Quality assurance is guaranteed by the description of the contents and the responsible persons. Form and scale of quality assurance is orientated on the timely, organisational, technical and financial basic conditions set in the study concept. The following measures are to be considered:
Study plan
Essential for the quality of the NIS is the development of a mainly standardised study plan. NIS require specifications in advance but no details for intervention are allowed to be defined. The following statements shall be covered in the study plan [7] :
• Formulation of one (or more) precise questions and working hypotheses,
• justification of the sample size, • description of measures for quality assurance and • description of the statistical methods.
In addition to these statements, the guideline 3 (study plan) of the "Guidelines and recommendations for assuring good epidemiological practice" (GEP) [1] Also the appropriateness of the chosen data base, e.g. in registries, should be discussed in the study plan. Furthermore, the acquisition of serious adverse events (SAE) should be considered in addition to the normal acquisition of adverse drug reactions (ADR). This documentation is part of the due diligence and ensures also a better comparability of the data with the results of clinical trials. ADR/SAE and concomitant diseases should be coded (e.g. with MEDRA [13] , [14] ) as well as concomitant drugs. The required processes shall be described in detail in the study plan.
Quality plan
The quality plan describes which quality control and quality assurance activities concerning the NIS have to be conducted. Thereby all quality relevant tasks are defined, concrete quality objectives are described as well as responsibilities for single tasks are named. Beyond this, the resources which need to be at disposal are defined accordingly.
Design of case record forms (CRF, electronic-CRF)
Standardised case record forms ensure the completeness of the data collected, develop the comparability among the different studies and ease working processes. They need to be adjusted according to the target awareness respectively the study objective. The check of the CRF by e.g. tentative completion of CRF drafts by participating physicians -patient report forms by the patients -before conducting the NIS contribute to quality assurance of the content and design of the CRF and therefore lead to a better data quality. It is to be ensured that the nature of data collected can answer all questions of the NIS.
Ensuring the representativeness
In addition to clinical trials, NIS can provide results from routine medication. Therefore, applicable measures should make sure that the participating patients and physicians of the NIS as well as therapeutic processes result in representative picture of the "medical practice". An even regional distribution of physicians/sites shall be ensured. According to project, the allocation of physicians/sites shall consider other criteria as practice size, professional qualifications etc. For this purpose, internal and external surveys about practice prevalence in the indication are useful. If applicable, (stratified) random selection of physicians/sites is to be made. The amount of enrolled patients per physician/site should be limited to avoid that one big site or a few big sites dominate the results and therefore compromise the representativeness. A measure to achieve the representativeness of the patients is the demand to the physician to include and to document consecutively the first patients in question in the NIS. An assessment of the representativeness can be done during the data analysis by comparing the investigated patient population with other studies and literature.
Training
All NIS participants like the data collecting staff (physicians, nurses, etc.), the data entry staff, the data manager, the biostatisticians, the medical personnel of the institute or the pharmaceutical company etc. are to be selected carefully and trained on the project specific aspects [8] .
For the conduction of the required training and for knowledge tests, besides other forms of training, elearning tools are proper; especially in case of a huge amount of employees and a decentralised organisation where the possibility for presence training and group training is not given. For the planning of a NIS, meetings are recommended with the participating data collecting staff and the study team and, if applicable, employees of the contracted Clinical Research Organisation (CRO). During these meetings objectives, study plan and case record forms of the NIS shall be discussed. If applicable, study accompanying meetings of the parties for a second training and for process optimisation are useful and necessary.
Advice from the Ethics Committee
An opinion from a federal state law established Ethics Committee is recommended [7] , [8] , [11] . [6] The reward of the participating physicians has to be reported to the National Association of Statutory Health Insurance Physicians (kassenärztlichen Bundesvereinigungen), the national confederations of health insurance funds (Spitzenverband Bund der Krankenkassen) and the corresponding Ethics Committees. The amount of the reward should not stimulate the physician to prescribe or advocate the medical product under investigation. In general the medical fee schedule (GOÄ) will be used as indication for an adequate reward (e.g. 120 € per beginning hour [19] ).
Measures for data collection and data entry 2.3.1 First check of completeness
After the receipt of the filled in CRF, a first check of completeness is done (e.g. signature of physician, check of adverse events).
Source data verification
The quality of the data collected can be checked by a comparison of the physician-and patient-documentation. This check can be done in form of a source data verification (SDV) of clinical results at the physician's practice. SDV is a comparison of the data between the CRF and the medical records and vice versa. Discrepancies can be resolved by queries to the physician (in case of an AWB this is recommended after the site has completed the study). Advisable are random checks (random sample "physician" and/or random sample "patient" and/or random sample "data"). Depending on the project, at x% of all physicians/sites (simple random sample or stratified random sample) the primary variable/the main objective parameters and the safety data are checked for all patients. The size of the random sample (x%) is project related and is orientated by the total amount of participating physicians/sites, the expected homogeneity respectively heterogeneity in relevant structure variables of the sites or the patients as well as the number of patients per physician. A survey of VFA companies revealed that between 2% (e.g. for a big amount of participating sites) and 5% (up to 10% if necessary) of the sites were chosen randomly (personal communication, [20] ).
Verification and validation
Quality assuring measures shall be established during data entry. This can be done in form of a quality control by which the recorded data and the data in the CRF were compared (e.g. double data entry or single data entry with randomized check of the database with the data documented in the CRF).
The verification and validation of critical variables (e.g. adverse drug reactions) is done in agreement with the physician. Ambiguity through a lack of readability, incompleteness and implausibility can be solved by queries from the data management. As a basis for the plausibility checks, standardised and/or project specific criteria are recommended (e.g. range checks or cross checks of variables). A data review meeting before data base lock, which involves all parties, to discuss the data and remaining existing implausibilities (with the consequence of a possible exclusion of data) is also recommended.
Measures during the analysis
It is recommended to standardize the analysis of NIS through specification of standard tables and standard figures in order to promote the use of validated standard analysis programs and so to achieve time and cost savings and better comparability of the results amongst different studies. 
Measures during the creation of NIS reports
The final report which is developed after analyses shall fulfil quality requirements as traceability, transparency and objectivity. Traceability means that all activities and used methods within the scope of the study are presented quite clearly for the reader. Transparency means in this context that all study results are presented and no information is hidden. Objectivity is used to eliminate subjective influences on the interpretation of the results. In this regard, "Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Initiative" provides a set of quality assuring measures for developing reports in epidemiological studies [22] . An international group of epidemiologists, statisticians and publishers of medical journals has developed these recommendations for writing scientific papers in which the results of such observational studies are reported. All details to be noted were presented in a checklist with 22 points (http://www.strobe-statement.org/index.php? id=checklists). Amongst other this includes the presentation of the used study design, the predefined hypothesis, the complete description of statistical methods, the details of the data management activities and the discussion of possible sources for bias of the results. The format of the report is flexible and can be adapted to authors or journals needs. The STROBE statement can improve the quality and comparability of reports of epidemiological studies. It is expected that the quality of the report/publication in epidemiological studies is also improved as it was already the case after the publication of the CONSORT (Consolidated Standards of Reporting Trials), Statements for randomised clinical trials [23] , [24] . Furthermore, at least a short report of the results of NIS shall be sent to the participants. In the case that a publication is not possible, at least a summary of the results shall be published in a public registry (e.g. http://www.clinicaltrialresults.org/).
Measures for archiving NIS
After finalisation of a NIS, the report and all other documents shall be archived (e.g. according to an archiving SOP). This includes the electronic archiving of the data analysed. Within the recommendations of the BfArM from 1998, article 14 says: "It is recommended that all documents for later access and analyses are to be archived for a minimum of 10 years" [11] .
Example
A non-interventional, cross-sectional, multicenter study [25] was conducted to compare the direct diabetes-specific treatment costs of two basal insulins. Besides the creation of a scientific study plan, the following quality assurance measures were implemented:
• feasibility assessment of the case record forms • patient information and informed consent, verbal and in writing • telephone monitoring after inclusion of the first patient • double data entry • extensive review of the CRF and data checks for completeness and plausibility of the data • source data verification in 10% of the physicians The quality of the data concerning completeness and plausibility was comparable with the quality of data from clinical trials. Only in rare cases data were excluded from analysis.
General quality assurance measures
The development of own standard operating procedures (SOP) describing the processes during planning, conduct, evaluation and reporting of a non-interventional study as well as a description of the accompanying quality measures to achieve a high quality of the data is highly recommended. A regular training of all involved people regarding the legal conditions and the recommendations of the agencies and expert societies is also highly recommended. In addition the quality and validation of the data management and data analysis systems has to be assured continuously.
Discussion
For all quality assuring measures the aspect of nonintervention should be discussed, but should be respected for AWB. The objective of NIS is the presentation of an unaffected picture of daily medical practice. It is not always possible to make clear boundaries between "medical practice" and "intervention". For example, it is still unclear if the assignment of patient's questionnaires or patient's diaries already violate the character of non-intervention. The same applies to the written patient's information and informed consent forms but eventually also to the advice of the Ethics Committee. Surely, there are serious concerns about that quality assuring measures influence the behaviour of physicians, medical staff and patients. Therefore the quality assuring measures shall not have (any) influence on the behaviour of patients and physicians and so on the results of NIS.
Conclusion
In Germany, important steps for improving quality or adherence of high quality of non-interventional studies are the consideration of guidelines and recommendations for assuring good epidemiological practice (GEP) [10] , the combined draft recommendations of the BfArM and PEI for planning, conducting and analysing "Anwendungsbeobachtungen" [7] as well as the VFA recommendations for improving the quality and transparency of non-interventional studies [5] . In this case, the organisations and pharmaceutical companies which conduct NIS should train their employees and all participants in NIS on a regular basis. The aspect of non-intervention should be respected when applying measures of quality assurance.
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International 
Maßnahmen in der Planungsphase
Bei der Planung einer NIS ist im Gegensatz zur Planung für eine klinische Prüfung dringend darauf zu achten, dass bei allen geplanten Maßnahmen der Aspekt der Nicht-Intervention gewahrt bleibt [12] . 
Qualitätsplan
Der Qualitätsplan beschreibt, welche Qualitätskontroll-und Qualitätssicherungsaktivitäten bezüglich eines NISProjekts durchzuführen sind. Dabei werden alle qualitäts-relevanten Aufgaben definiert, konkrete Qualitätsziele beschrieben sowie die Verantwortlichen für die einzelnen Aufgaben genannt. Weiterhin werden die Ressourcen definiert, die für diese Aktivitäten zur Verfügung stehen (müssen).
Design von Dokumentationsbögen (case record form -CRF, electronic CRF)
Standardisierte Dokumentationsbögen gewährleisten die Vollständigkeit der erfassten Daten, fördern die Vergleichbarkeit zwischen verschiedenen Studien und erleichtern den Arbeitsablauf. Sie müssen entsprechend dem Erkenntnisziel bzw. der Fragestellung angepasst werden. Über-prüfung der CRF mittels z.B. probeweise Ausfüllen von CRF-Entwürfen durch beteiligte Ärzte -bei Patientenfragebögen auch durch Patienten -vor der Durchführung der NIS kann zur Qualitätssicherstellung des Inhaltes und des Designs der CRF beitragen und damit zu einer besseren Datenqualität führen. Dabei ist sicherzustellen, dass die Art der erhobenen Daten alle Fragestellungen der NIS beantworten kann.
Sicherstellung der Repräsentativität
Da NIS in Ergänzung zu klinischen Prüfungen Ergebnisse bei der routinemäßigen Anwendung von Arzneimitteln liefern können, sollte durch geeignete Maßnahmen dafür Sorge getragen werden, dass die in eine NIS einbezogenen Patienten und Ärzte/Zentren sowie das therapeutische Vorgehen ein möglichst repräsentatives Abbild der "medizinischen Praxis" ergeben. Eine gleichmäßige regionale Verteilung der teilnehmenden Ärzte/Zentren sollte sichergestellt werden. Zusätzlich sollte die Verteilung der Ärzte/Zentren je nach Projekt noch nach anderen Kriterien wie z.B. Praxisgröße, fachliche Qualifikation, etc. erfolgen. Hierzu sind interne oder externe Umfragen über die Praxisprävalenz in der Indikation hilfreich. Gegebenenfalls sollte eine (stratifizierte) Zufallsselektion der Ärzte/Zentren erfolgen. Die Anzahl der einzuschließenden Patienten pro Arzt/Zentrum sollte beschränkt sein, damit nicht eine große Arztpraxis bzw. wenige große Arztpraxen oder Zentren die Ergebnisse dominieren und dadurch die Repräsentativität gefährden. Eine Maßnahme, um die Repräsentativität der Patienten zu erreichen, ist die Vorgabe an den Arzt, die ersten in Frage kommenden Patienten konsekutiv in die NIS einzuschließen und zu dokumentieren. Eine Beurteilung der Repräsentativität kann bei der Datenanalyse durch Vergleich der beobachteten Patientenpopulation mit anderen Studien und Literaturangaben erfolgen.
Schulungen
Alle NIS Beteiligten wie das Datenerhebungspersonal (Ärzte, Krankenschwestern, etc.), das Dateneingabepersonal, die Datenmanager, die Biostatistiker, das medizinische Personal der Einrichtung oder des pharmazeutischen Unternehmens, etc. sind sorgfältig auszuwählen und auf die projektspezifischen Aspekte zu schulen [8] . Zur Durchführung der erforderlichen Schulungen und zur Wissensüberprüfung eignen sich neben anderen Formen der Fortbildung e-Learning-Tools, vor allem bei großen Mitarbeiterzahlen und dezentraler Organisation bei der die Möglichkeit eines Präsenz-Trainings und der Gruppenschulung fehlt. Für die Vorbereitung einer NIS empfehlenswert sind außerdem Treffen zwischen dem beteiligten Datenerhebungspersonal und dem Studien-Team und falls zutreffend Mitarbeitern der beauftragten CRO (Clinical Research Organisation). Dabei sollen Zielsetzungen, Studienplan und Dokumentationsbögen der NIS besprochen werden. Gegebenenfalls sind studienbegleitende Treffen der Beteiligten zur Nachschulung und Prozessoptimierung hilfreich bzw. notwendig.
Beratung durch eine Ethik-Kommission
Es wird die Beratung durch eine nach Landesrecht gebildete Ethikkommission bei NIS empfohlen [7] , [8] , [11] . Nach der Muster-Berufsordnung für Ärztinnen und Ärzte der Bundesärztekammer ( § 15 Forschung) [ 
Sicherstellung der Transparenz
Es wird empfohlen, dass bereits [8] 
Maßnahmen bei der Archivierung von NIS
Nach Abschluss einer NIS sollte der Bericht und alle sonstigen Unterlagen archiviert werden (z.B. gemäß einer Archivierungs-SOP). Dazu kann u.a. auch die elektronische Archivierung der ausgewerteten Daten gehören. In den BfArM-Empfehlungen von 1998 steht dazu im Abschnitt 14: "Es wird empfohlen, alle Unterlagen für spätere Zugriffe und Auswertungen mindestens 10 Jahre zu archivieren." [11] 3 Studienbeispiel Bei einer multizentrischen Querschnittsstudie [25] zur Ermittlung der direkten diabetes-spezifischen Behandlungskosten zweier Basal-Insuline wurden neben der Erstellung eines wissenschaftlichen Studienplans noch folgende qualitätssichernde Maßnahmen implementiert:
• 
